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(57) A pressure control valve automatically control- 
lable of a set value of a pressure circuit by pilot operation 
without using an electrical signal, is provided. 

A pressure control valve include a valve body (30) 
opposing to a seat surface of a relief port (A) connected 
to a pressure circuit (46) and a spring (32) biasing the 
valve body (30) onto the seat surface, for flowing out a 
part of the fluid within the pressure circuit (46) to hold 
the fluid pressure in the pressure circuit (46) at a prede- 
termined set pressure when the fluid pressure in the 
pressure circuit (46) Is higher than or equal to the set 
pressure. Apilot piston (40) is an^anged movably In ex- 
pansion and contraction direction of the spring (32) at 
an end portion of the spring (32) remote from the valve 
body (30), the pilot piston (40) moves in a direction for 
compressing the spring (32) when a predetemnlned 
pressure of a pilot fluid is input. A spring force of the 
spring (32) is increased and decreased by varying com- 
pression force of the spring (32) by moving the pilot pis- 
ton (40) depending upon increasing and decreasing of 
the pressure of the pilot fluid. 



FIG. I 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a pressure 
control vaive for holding inside of a pressure circuit at a 
predetennlned set pressure. 

BACKGROUND ART 

[0002] As a pressure controi valve for holding inside 
of a pressure circuit at a predetemnined set pressure, a 
direct acting relief valve 2 shown in Fig. 21 has been 
known, for example. 

[0003] The direct acting type relief valve 2 closes a 
relief port 3 communicated with a pressure circuit by a 
poppet valve 6 biased by a pressure adjusting spring 4. 
When a pressure in the pressure circuit becomes higher 
than or equal to a predetermined set pressure, the pop- 
pet valve 6 Is iifted up to communicate the relief port 3 
with a drain port 5 so that a part of a fluid in the pressure 
circuit may flows out through the drain port 5. Therefore, 
the pressure circuit can be held at the predetemnined 
set pressure. It should be noted that adjustment of the 
set pressure is performed by varying a biasing force of 
the spring 4 by tuming an adjusting screw 8. 
[0004] Here, in the direct acting type relief valve 2, the 
pressure adjusting spring 4 also serves for urging of the 
poppet valve 6. Therefore, the spring 4 has to be 
strengthened for use in a pressure circuit of high pres- 
sure. However, for this, the valve gerse becomes large 
to have a limit in strengthening the spring 4. Therefore, 
normally, in the present circuit of high pressure, a pilot 
action type relief valve has been used. 
[0005] As shown in Fig. 22, a pilot actuation type relief 
valve 10 has such a construction that a relief port 3 is 
communicated with an upper chamber 14a of a main 
valve 1 4 and a direct acting relief valve 1 8 fomiing a pilot 
portion via an orifice 12. When higher than or equal to 
a predetermined set pressure is built In the pressure cir- 
cuit, the poppet valve 1 8a overcomes the biasing force 
of the spring 1 8b to move downwardly to open the direct 
acting relief valve 18. By this, the upper chamber 14a 
and the drain port 5 are communicated to lower the pres- 
sure to open the main valve 14 to flow out the fluid in 
the pressure circuit toward the drain port 5. The pres- 
sure circuit at high pressure can be maintained at the 
predetermined set pressure. 

DISCLOSURE OF THE INVEfslTION 

[0006] As a pilot portion in place of the direct acting 
relief valve 1 8 of the pilot actuation type relieve valve 1 0 
shown in Fig. 22. a proportional electromagnetic type 
pressure control portion for controlling pressure of the 
upper chamber 14a by inputting of an electrical pilot sig- 
nal Is provided. Then, the pressure circuit can be con- 
trolled automatically at a predetennlned range of set 



pressure. 

[0007] However, when the foregoing proportional 
electromagnetic type pressure controi portion is used, 
the pressure control valve may have complicate internal 

5 Structure to potentially cause high production cost. Fur- 
thermore, since electricity is used, problem may be en- 
countered in safety, such as a fire. 
[0008] The present invention has been worked out in 
view of the problem set forth above. It is an object to 

10 provide a pressure controi valve whk:h employs a pilot 
operation type structure with simple construction not us- 
ing an electrical signal for automatically controlling a set 
pressure of a pressure circuit in stepless manner 
[0009] In order to solve the above-mentioned prob- 

is lem, a pressure control valve defined in claim 1 includes 
a valve body opposing to a seat surface of a relief port 
connected to a pressure circuit and a spring biasing the 
valve body onto the seat surface, when a fluid pressure 
in the pressure circuit is higher than or equal to a set 

20 pressure flows out, a part of the fluid for holding a pre- 
detemnined set pressure within the pressure circuit, 
wherein a pilot piston 16 arranged movably in expansion 
and contraction direction of the spring at an end portion 
of the spring remote from the valve body, the pilot piston 

25 moves in a direction for compressing the spring when a 
predetemnined pressure of a pilot fluid is input, and a 
spring force of the spring Is increased and decreased 
by varying compression force of the spring by moving 
the pilot piston depending upon increasing and decreas- 

30 ing of the pressure of the pilot fluid. 

[0010] By the pressure control valve defined in claim 
1 , when the pilot fluid does not flow in, the spring urges 
the valve body onto the seat surface with a predeter- 
mined spring force, a pressure In the pressure circuit is 

3s maintained at a predetemnined set pressure. When the 
pressure in the pressure circuit becomes higher than or 
equal to the set pressure, the valve body is opened 
against the spring force of the spring to flow the fluid of 
the pressure circuit to the relief port and flow externally 

40 to lower the pressure in the pressure circuit. When the 
pressure in the pressure circuit becomes the set pres- 
sure, the valve body abut onto the seat surface of the 
relief port by the spring force of the spring to maintain 
the pressure in the pressure circuit at the set pressure. 

45 [0011] On the other hand, when the pilot fluid flows 
Into, the pilot fluid compresses the spring by moving the 
pilot piston toward valve body side to increase the spring 
force by shortening the spring length to modify the pres- 
sure control valve with increased set pressure. Thus, the 

50 pressure control valve of the present invention can free- 
ly modify the set pressure, the fluid pressure in the pres- 
sure circuit can be automatically controlled in stepless 
manner. 

[0012] Since fluid is used as the pilot signal, in com- 
55 parison with the conventional proportioning electromag- 
netic type pressure control valve using the electrical pilot 
signal, the pressure control valve provides satisfactory 
measure in view point of safety, such as fire prevention 
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or the like and lowers production cost with simple struc- 
ture. 

[001 3] The present invention defined in claim 2, In the 
pressure control valve as set forth in claim 1 , further 
comprises a spring force upper limit setting means for 5 
holding large spring force of the spring constant by re- 
stricting movement of the pilot piston toward the valve 
body when a pressure of the pilot fluid is elevated up to 
a predetemnined high value. 

[0014] By the pressure control valve defined in claim io 

2, when the pressure of the pilot fluid is elevated to high 
value, a constant large spring force of the spring be- 
comes a force for biasing the valve body onto the seat 
surface to have the pressure control valve with the upper 
limit of the set pressure. ^5 
[0015] The present invention defined in claims 3, in 
the pressure control valve as set forth in claim 1 or 2, 
comprises the spring being set a spring force resisting 
against a force for moving the pilot piston toward vah^e 
body side until the pressure of the pilot fluid is elevated 20 
to a predetermined value. 

[0016] By the pressure control valve defined in claim 

3, until the pressure of the pilot fluid is elevated up to 
the predetemiined value, a constant small spring force 

of the spring becomes a force biasing the valve body 25 
onto the seat surface to provide the pressure control 
valve with the tower limit of the set pressure. 
[0017] Furthemriore, the invention defined in claim 4, 
in the pressure control valve as set forth in claim 1 or 2, 
further comprises spring initial valve adjusting means for 30 
modifying an initial spring force of the spring by varying 
the pilot piston to a position proximal to the vah/e body 
and a position remote from the vah^e body when the pilot 
fluid is not input. 

[0018] The invention defined in claim 5, in the pres- 55 
sure control valve as set forth in claim 3, further com- 
prises spring initial valve adjusting means for modifying 
an initial spring force of the spring by varying the pilot 
piston to a position proximal to the valve body and a po- 
sition remote from the valve body when the pilot fluid Is 40 
not input. 

[0019] By the pressure control valve defined in claims 
4 or 5, by operation of the spring initial value adjusting 
means, the initial spring force of the spring is varied to 
enable modification of the set pressure within the wide 45 
range. 

[0020] It should be noted that the pressure control 
valve defined In claim 6, includes a valve body opposing 
to a seat surface of a relief port connected to a pressure 
circuit and a spring biasing the valve body onto the seat so 
surface, when a fluid pressure in the pressure circuit is 
higher than or equal to a set pressure, flows out a part 
of the fluid for holding a predetermined set pressure 
within the pressure circuit, further comprises a bias 
spring biasing the valve body for opening and closing 55 
the relief port to closing side, a pilot piston for biasing 
the biasing spring to closing side by a pressure of a pilot 
fluid, an initial valve adjusting spring for biasing the pilot 
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piston to closing side, and a return spring for biasing the 
valve body or pilot piston to opening side. 
[0021] The pressure control valve defined in claim 6 
automatically controls the woricing fluid pressure of the 
hydraulic circuit by varying the relief pressure in stepless 
manner by inputting the pilot pressure to the pilot port. 
Within a range where the pilot pressure input is lower 
than or equal to the predetermined pressure, the control 
pressure can be maintained constant. Initial pressure 
can also be adjusted. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] 

Fig. 1 is an illustration showing the first embodiment 
of a pressure control vah^e according to the present 
invention: 

Fig. 2 is an enlarged illustration of a pilot chamber 
In the first embodiment; 

Fig. 3 is a set pressure control chart using the pres- 
sure control valve of the first embodiment; 
Fig. 4 is an Illustration showing the second embod- 
iment of a pressure control vah^e according to the 
present invention; 

Fig. 5 is an enlarged illustration of a pilot chamber 
in the second embodiment; 
Fig. 6 is a set pressure control chart using the pres- 
sure control valve of the second embodiment; 
Fig. 7 is an illustration showing a first an'angement 
example of a pilot piston fomriing the second em- 
bodiment of the pressure control valve; 
Fig. 8 is an illustration showing a second arrange- 
ment example of a pilot piston fomning the second 
embodiment of the pressure control valve; 
Fig. 9 is an illustration showing a third an-angement 
example of a pilot piston forming the second em- 
bodiment of the pressure control valve; 
Fig. 10 Is a longitudinal section showing a construc- 
tion of the third embodiment of the pressure control 
valve; 

Fig. 11 is an explanatory illustration showing actu- 
ation of the third embodiment of the pressure con- 
trol valve; 

Fig. 12 is a pressure control chart of the third em- 
bodiment of the pressure control valve; 
Fig. 1 3 is an explanatory illustration showing a pres- 
sure control range of the third embodiment of the 
pressure control valve; 

Fig. 14 is an explanatory illustration showing varia- 
tion of the pressure control chart in the case where 
a ratio of a pressure receiving areas between a 
valve body of the third embodiment of the pressure 
control vah^e and a pilot piston; 
Fig. 15 is a diagram of a hydraulic control circuit of 
a hydraulic motor of a roof cleaning device employ- 
ing the pressure control valve according to the 
present invention; 
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Fig. 16 is a side elevation of a roof cleaning device; 
Fig, 17 is an explanatory Illustration showing actu- 
ation of the roof cleaning device; 
Fig. 1 8 is a longitudinal section showing a construc- 
tion of the fourth embodiment of the pressure con- 
trol valve; 

Fig. 1 9 is a pressure control chart of the fourth em- 
bodiment of the pressure control valve; 
Fig. 20 is an explanatory illustration showing a pres- 
sure control range of the fourth embodiment of the 
pressure control vaive; 

Fig. 21 is an illustration showing the conventional 
direct acting type relief valve; and 
Fig. 22 is an illustration showing the conventional 
pilot actuation type relief valve. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0023] Embodiments of the present invention will be 
discussed hereinafter with reference to the drawings. 
[0024] Fig. 1 shows the first embodiment of a relief 
valve 20. 

[0025] In a valve body 22 of the relief valve 20, a valve 
chamber 24 as cylindrical intemal space on an axis S^, 
a cylinder receptacle chamber 26 as cylindrical internal 
space of greater diameter and contin uous with the valve 
chamber 24 in coaxially on the axis on upper side of 
the valve chamber 24, and a connection bore 28 con- 
tinuous with the cylinder receptacle chamber 26 in co- 
axially on the axis on upper side of the cylinder re- 
ceptacle chamber 26 and having an upper end opened. 
[0026] On the other hand, in the valve body 22, a relief 
port a communicated coaxially on the axis with the 
valve chamber 24, and a drain port D opening on the 
inner peripheral surface of the valve chamber 24 arid a 
pilot port B opening on the inner peripheral surface of 
the connection bore 28 are formed. 
[0027] On the other hand, in the valve chamber 24, a 
poppet valve 30, whos cone shaped tip end portion op- 
poses a seat surface As of the relief port A, a poppet 
valve spring 32 biasing the poppet valve 30 onto the seat 
surface As. and a piston strolce transmitting portion 34 
engaging with the upper end of the poppet valve spring 
32 and contacting with a pilot piston 40. The base end 
side of the poppet valve 30 is fomried with a cylindrical 
guide portion 30a to slide the poppet valve spring 32 for 
guiding from inside, and opposes with the lower end por- 
tion of the piston stroke transmitting member 34. 
[0028] In the cylinder receptacle chamber 26, a cylin- 
der member 36 having a piston bore 36a is fitted coax- 
ially on the axis . In the piston bore 36a, a cylindrical 
solid pilot piston 40 having longer length than the length 
in the axial direction of the cylindrical member 36 is sli- 
dably inserted. 

[0029] On the upper portion of Inner periphery of the 
connection bore 28, a female thread is formed. To the 
female thread, a male thread formed on the outer pe- 
riphery of a cylindrical body 38a as a component of an 



initial value adjusting portion 38 is threadingly engaged, 
and whereby the initial value adjusting portion 38 Is con- 
nected to the valve body 22. 

[0030] The initial value adjusting portion 38 is con- 

s structed with a cylindrical body 38a, a piston position 
setting member 38b arranged inside of the cylindrical 
body 38a and moving the pilot piston 40 In the direction 
of the axis S^, an initial value adjusting spring applying 
a predetennined downward spring force for the pilot pis- 

10 ton 40 when the position setting member 38b contact 
with the pilot piston 40 and an adjusting screw 38d 
threadingly engaging with the female thread provided in 
the upper portion of the cylindrical body 38a for varying 
the spring force of the initial value adjusting spring 38c. 

IS [0031 ] As shown in Fig. 2, the lower end portion 38bi 
of the piston position setting member 38 moving the pilot 
piston 40 In the direction of axis Is fomied into sub- 
stantially truncated cone shaped configuration. An outer 
diameter of the lower end portion SSb^ is set slightly 

20 small dimension than inner diameter of the cylinder body 
38a for defining a gap for passing a fluid therethrough 
between the outer periphery of the lower end portion 
38b.| and the Inner periphery of the cylindrical body 38a. 
[0032] A position on the lower surf ace of the lower end 

^ portion 38b^ where the axis Si passes, and a position 
on the upper end surface of the pilot piston 40 where 
the axis S^ passes, spherical recessed portions are 
fomried respectively. In these recessed portions, spher- 
ical bodies 42 are arranged. By this, the piston position 

30 setting member 38b contacts with the pilot piston 40 via 
the spherical body 42. 

[0033] Furthemnore, as shown in Fig. 2, in the lower 
portion of the cylindrical body, a communication hole 
38ai is fomied. The communication hole 3&a^ commu- 

3s nicates an intemal space of the cylindrical body 38a 
defined between the lower end portion 3Bb^ of the piston 
position setting member 38b and the upper portion of 
the cylindrical member 36, and the pilot port B. 
[0034] Here, as shown in Fig. 1 , the pilot port B is con- 

40 nected to a pilot pressure setting portion 44 and the pilot 
pressure Pp set at the predetennined value in the pilot 
pressure setting portion 44 is supplied to a pilot chamber 
Qi of the cylindrical body 38b via the pilot port B and the 
communication hole 38a^. On the other hand, in the re- 

45 lief port A, a working fluid flowing In the pressure circuit 
46 flows into. 

[0035] Then, the relief valve 20 maintains the inside 
of the pressure circuit 46 at a predetermined set pres- 
sure P31 since the poppet valve spring 32 biases the 

50 poppet valve 30 onto the seat surface As by the spring 
force thereof. When inside of the pressure circuit 46 in- 
creased to be higher than or equal to the set pressure 
the poppet vaive 30 is lifted up against the spring 
force of the poppet valve spring 32 to open the relief port 

55 A to flow out the fluid In the pressure circuit 46 to the 
drain port D to lower the pressure In the pressure circuit 
46. When the pressure in the pressure circuit 46 reaches 
the set pressure Pgi, the poppet valve 30 is lowered by 
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the spring force of the poppet vah^e spring 32 to close 
the relief port A. The Inside of the pressure circuit 46 is 
maintained at the set pressure Psv 
[0036] On the other hand, when the pilot pressure Pp 
is supplied from the pilot pressure setting portion 44, a 
thrust acts on the pilot piston 30 by the pressurized fluid 
flowing into the pilot chamber to move the pilot piston 
40 downwardly. Then, since the piston stolce transmit- 
ting member 34 is biased together with the pilot piston 
40, the spring force of the poppet valve spring 32 with 
shortened spring length is increased. When the spring 
force of the poppet valve spring 32 is increased, a force 
biasing the poppet valve 30 onto the seat surface As is 
increased to modify the set pressure Psi to another set 
pressure Ps2 greater than the set pressure Psi (Ps2 > 
Psi). On the other hand, even when the initial value ad- 
justing portion 38 is actuated, the set pressure Pg can 
be modified. 

[0037] Particular modification of the set pressure Pq 
of the foregoing relief valve 20 will be discussed with 
reference to the set pressure control chart of Rg. 3. It 
should be noted that the initial value adjusting portion 
38 had increased the spring force of the poppet vah^e 
spring 32 by pushing down the pilot piston 40 toward the 
valve chamber 24. 

[0038] When the pilot pressure Pp is 0 MPa, namely 
the pilot pressure Pp from the pilot pressure setting por- 
tion 44 is not supplied, by acting the spring force of the 
poppet valve spring 32 on the poppet valve 30, an initial 
set pressure (about 1 0.5 M Pa) is established as position 
Pg^ shown by solid line. On the other hand, when the 
pilot pressure Pp Is supplied from the pilot pressure set- 
ting portion 44, downward stroke of the pilot piston 40 
is initiated to increase spring force with shortening the 
spring length of the poppet valve spring 32 to lineariy 
increase the set pressure Pg as shown by solid line ac- 
cording to increase of the value of the pilot pressure Pp. 
When the pilot pressure Pp becomes higher than or 
equal to about 7.0 Mpa, a spring force of the poppet 
valve spring 32 depressed by the pilot piston 40 be- 
comes maximum. Therefore, the set pressure P^ be- 
comes constant value (about 19.0 Mpa). On the other 
hand, according to decreasing of the pilot pressure Pp, 
the spring length of the poppet valve spring 32 becomes 
longer to reduce the spring force. Therefore, the set 
pressure Pg is reduced lineariy. 
[0039] When threading amount of the adjusting screw 
38d of the initial value adjusting portion 38 is increased 
to increase spring force of the initial value adjusting 
spring 38c, the piston position setting member 38b bi- 
ased by the initial value adjusting spring 38c moves the 
pilot piston 40 downwardly. Since the spring length of 
the poppet valve spring 32 Is shortened to increase the 
spring force, the initial set pressure Pga greater than the 
initial set pressure Pgi of the solid line set forth above 
is established. When a supply pressure of the pilot pres- 
sure Pp Is varied, the control line (set pressure control 
line shown by Ic of Fig, 3) modified to the set pressure 



of greater value than the set pressure control line shown 
by the solid line can be obtained. 
[0040] On the other hand, when a threading amount 
of the adjusting screw 38d of the initial value adjusting 
5 portion 38 Is decreased, the spring force of the Initial 
value adjusting spring 38c is reduced to move the pilot 
spring 40 upwardly. By this, the spring length of the pop- 
pet valve spring 32 becomes longerto reduce the spring 
force. Therefore, the initial set pressure Pp4 smallerthan 
10 the initial set pressure Pgi shown by solid line Is estab- 
lished. Then, when the supply pressure of the pilot pres- 
sure Pp is varied, the control line (set pressure control 
line shown by h) modified to the set pressure of smaller 
value than the set pressure control line shown by the 
15 solid line can be obtained. 

[0041] Thus, the shown embodiment of the relief 
valve 20 varies the shifting amount of the pilot piston 40 
in the axial direction by the operation of the initial 
value adjusting portion 38 and input of the pilot pressure 
20 Pp to the pilot port B, whereby Increase and decrease 
the spring force of the poppet valve spring 32 to freely 
modify the set pressure Pg. Therefore, the working fluid 
pressure of the pressure circuit 46 can be automatically 
controlled in stepless manner. 
25 [0042] Moreover, with a simple mechanism whteh 
moves the pilot piston 40 in the direction of axis S^, the 
initial value of the set pressure Pg can be set freely, so 
that the relief valve 20 can be produced with significantly 
reducing the cost. 
30 [0043] Furthermore, since hydraulk; pressure is used 
as the pilot signal, in comparison with the proportioning 
electromagnetk: type pressure control portion using the 
electrical pilot signal, suffbient measure can be provid- 
ed in view point of safety, such as a fire. 
35 [0044] Next, illustrated In Figs. 4 and 5 is the second 
embodiment of the relief valve 50 according to the 
present invention. Like components to the foregoing first 
embodiment will be identified by like reference numer- 
als, and detailed description thereof will be eliminated. 
40 [0045] The relief valve 50 of the shown embodiment 
is slidably Inserted a pilot piston 52 whteh has longer 
length than the length in the axial direction of the cylinder 
member 36. in a piston bore 36a of the cylinder member 
36. 

45 [0046] As shown in Fig. 5, the pilot piston 52 is a mem- 
ber having a piston body portion 52a of circular cross 
section and Inserted into the piston bore 36a and a pis- 
ton head 52b formed to have greater outer diameter 
than the piston body portion 52a and located within the 

50 pilot chamber . 

[0047] Aspherk;al body 42 is an^anged between a 
spherical surface torn recessed portion formed at a po- 
sition on the upper end surface of the piston head 52b 
through which the axis extends, and a spherical sur- 

55 face form recessed portion formed on the lower end por- 
tion 38b^ of the piston position setting member 38b. 
Through the spherical body 42, the piston position set- 
ting member 38b and the pilot piston 50 are contacted. 



EP 1 146 267 A1 



10 



[0048] Next, particular modification of the set pres- 
sure Ps of the shown embodiment of the relief valve 50 
will be discussed with reference to the set pressure con- 
trol chart of Fig. 6 and diagrammatic illustrations of Figs. 
7 to 9. 

[0049] Fig. 7(a) shows an arrangement of the pilot pis- 
ton 52 in the case of the relief valve 50 having the lower 
limit value of the set pressure and the upper limit value 
of the set pressure. In this case, threading amount of 
the adjusting screw 38d of the Initial value adjusting por- 
tion 38 is significantly reduced to set the initial value ad- 
justing spring 38c to a free length to contact the piston 
position setting member 38b to the pilot piston 52. 
[0050] By this, the spring force of the Initial value ad- 
justing spring 38c does not apply the downward force to 
the pilot spring 52. 

[0051 ] By arranging the pilot piston 52 In such a man- 
ner, when the pilot pressure Pp Is small value, even if a 
small thrust of the pilot pressure acts on the upper end 
surface of the pilot piston 52, since the spring force of 
the poppet valve spring 32 Is greater than the thrust, the 
pilot piston 52 does not move downwardly and the pop- 
pet valve 30 is biased onto the seat surface As at a con- 
stant spring force of the poppet valve spring 32, There- 
fore, the lower limit of the set pressure Ps^in 's set, 
[0052] When the pilot pressure Pp is elevated and in- 
creased thmst exceeds the spring force of the poppet 
valve spring 32, the pilot piston 52 moves downwardly 
as shown in Fig. 7(b). The poppet valve spring 32 Is 
shortened by the piston stroke transmitting member 34. 
By this, the spring force of the poppet spring 32 is in- 
creased to increase the force for biasing the poppet 
valve 30 onto the seat surface As. Therefore, the set 
pressure Ps is linearly increased. Then, when the piston 
head portion 52b of the pilot piston 52 abut against the 
upper surface 36a of the cylinder member 36, the spring 
force of the poppet valve spring 32 becomes maximum. 
Therefore, the upper limit of the set pressure Psmax 's 
set, 

[0053] Accordingly, as shown in f^ and fg in Fig. 6, the 
lower limit of the set pressure Psnwn and the upper limit 
of the set pressure Psmm ^ set pressure control 
chart linearly varying the set pressure Pg between the 
lower limit of the set pressure Ps^in and the upper limit 
of the set pressure Psmax obtained. 
[0054] Next, Fig. 8(a) shows an arrangement of the 
pilot piston 52 in the case where the lower limit of the 
set pressure Pg^in "s reset by the pilot value Pp of small 
value. In this case, the threading amount of the adjusting 
screw 38d of the initial value adjusting portion 38 is in- 
creased (move the adjusting screw 38 d downward) to 
abut the piston position setting member 38c onto the pi- 
lot piston 52. At this time, spring force of the initial value 
adjusting spring 38c for biasing the pilot piston 52 down- 
wardly, and the spring force of the poppet valve spring 
32 biasing the pilot piston 52 downward balances to con- 
tact the piston stroke transmitting member 34 onto the 
lower surface of the cylinder member 36. 



[0055] When the pilot piston 52 is arranged, the pilot 
pressure Pp of small value is supplied to act the small 
thrust on the upper end surface of the piston of the pilot 
piston 52, the pilot piston 52 moves downwardly to make 
5 the spring lengtfi of the poppet valve spring 32 shorter 
via the piston stroke transmitting member 34 to increase 
force for biasing the poppet valve 30 onto the seat sur- 
face As, as shown in Fig. 8(b). 
[0056] By this, as shown by solid lines g^ and g2 of 

10 Fig. 6. the lower limit of the set pressure Pgn^in is set until 
the pilot pressure of small value (about 2.0 Mpa), and 
the set pressure control chart to linearty increase the set 
pressure Pg when the pilot pressure Pp greater than or 
equal to the small value is supplied. Here, when the up- 

15 per limit of the set pressure Pgn^gx set, the initial value 
of the adjusting spring 38c becomes free length. 
[0057] Next, Fig. 9(a) shows an arrangement of the 
pilot piston of the case where the initial value of the set 
pressure Pg is modified to greater value. In this case, 

20 the threading amount of the adjusting screw 38d of the 
initial value adjusting portion 38 is further increased (the 
adjusting screw 38d further moved is downward than 
Fig. 8), and with providing a predetennined clearance 
Ci between the piston head 52b of the pilot piston 52 

25 and the upper surface 36a of the cylinder member 36, 
the pilot piston 52 Is moved downward via the piston po- 
sition setting member 38c by the spring force of the initial 
value adjusting spring 38c. At this time, since the poppet 
valve spring 32 is shortened the spring length as de- 

30 pressed by the pilot piston 52 before the pilot pressure 
Pp is supplied the initial spring force biasing, the poppet 
valve 30 to the seat surface As increases. 
[0058] By an-anging the pilot piston 52 as set forth 
above, when the pilot pressure Pp is input, the spring 

35 force of the poppet valve spring 32 Is increased by mov- 
ing the pilot piston 52 downwardly. Then, as shown in 
Fig. 9(b), the maximum spring force of the poppet spring 
32 is set at a timing (C^ = 0) when the piston head 52b 
of the pilot piston 52 contact with the upper surface 36a 

40 of the cylinder member 36. By this, as shown by solid 
line h^ and hg of Fig. 6, set pressure control chart mod- 
ified to the set value Pg at large value can be obtained. 
[0059] Here, as arrangement of tiie pilot piston 52, an 
arrangement shown in Fig. 9(b) in which the piston head 

45 portion 52b of the pilot piston 52 abut onto the upper 
surface 36a of the cylinder member 36 before the pilot 
pressure Pp is supplied, Is taken, irrespective of the pilot 
pressure Pp, the relief valve 50 constantly set to the up- 
per limit of the set pressure Psmax obtained. 

50 [0060] As set forth, with the shown embodiment, the 
relief valve 50 having the lower limit of the set pressure 
Psmin by effecting the pilot pressure flowing into the pilot 
chamber to act the thrust against the spring force of 
the poppet valve spring 32 to the pilot piston 52 can be 

55 obtained. Also, when the pilot piston 52 Is arranged so 
that the piston head 52b and the upper surface 36a of 
the cylinder member 36 contact during elevation of the 
pilot pressure Pp, the relief valve 50 having the upper 
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limit set value Psmax obtained. 
[0061 ] On the other hand, by applying the spring force 
of the initial value adjusting spring 238c is applied or 
released by actuation of the initial value adjusting por- 
tion 38, the set pressure Pg can be freely modified within 
a range E shown by hatched area in Fig. 6. 
[0062] Accordingly, the shown embodiment of the re- 
lief valve 50 can set the upper limit of the set pressure 

Psmax o*' ^® '^w®'' ''"^^ *® pressure Psmin 
themiore the set pressure can be freely modified in wide 
range. Therefore, in comparison with the first embodi- 
ment of the relief valve 29, the set pressure of the work- 
ing hydraulic pressure of the pressure circuit 46 can be 
automatically controlled in the wider range. 
[0063] Fig. 1 0 Is a longitudinal section showing a con- 
struction of the third embodiment of the pressure control 
vah^e according to the present invention, Fig. 11 is an 
explanatory Illustration showing actuation of the pres- 
sure control vah^e, Fig. 12 is a pressure control chart of 
the pressure control valve, Fig. 13 Is an explanatory il- 
lustration showing a pressure control range of the pres- 
sure control valve, and Fig. 14 is an explanatory illus- 
tration showing variation of the pressure control chart in 
the case where a ratio of a pressure receiving areas be- 
tween a valve body and a pilot piston of the pressure 
control valve. The same components to the first embod- 
iment will be identified by the same reference numerals 
and discussion therefor will be eliminated. 
[0064] A pressure control valve 60 includes a vah^e 
body 63 opening and closing the relief port 63, a biasing 
spring 65 for biasing the valve body 63 toward the sheet 
surface As (closing side), the pilot piston 40 pushing the 
biasing spring 66 toward closing side by the pilot pres- 
sure input from the pilot port B, the initial value adjusting 
spring 38c for biasing the pilot piston 40 toward closing 
side, and a retum spring 68 for pushing bacl< the valve 
body 63 toward opening side. The initial value adjusting 
spring 38c designed for adjusting the biasing force by 
the adjusting screw 38d. 

[0065] In the pressure control valve 60, biasing forces 
of the biasing spring 65, the initial value adjusting spring 
38c and the return spring 68 are set at such values that 
when the pilot pressure Pp is not input from the pilot port 
B, the valve body 63 is pushed toward opening side by 
the retum spring 68, to be moved away from the seat 
surface As to open the relief port A as shown in Fig. 1 1 
and the pressurized fluid flows out from the drain port B. 
[0066] Even when the pilot pressure Pp is input, if the 
pilot pressure Pp falls within a range lower than or equal 
to a predetermined pressure Pp^, the vah/e body 63 Is 
held at open position as shown in Fig. 11 (a). According- 
ly, in this range, the pressure Ps of the relief port A is 
set to 0. 

[0067] When the pilot pressure Pp exceeds the pre- 
determined pressure Ppi, since aforce of the pilot piston 
40 biasing the bias spring 65 toward closing side is In- 
creased, the valve body 63 Is biased onto the seat sur- 
face As to close the relief port A, as shown In Fig. 11 (b). 



Then, as shown in Fig. 13, the pilot pressure Pp falls 
within a range of Pp^ to Ppg, the pressure of the relief 
port A is lineariy controlled by the input pilot pressure Pp. 
[0068] When the pilot pressure Pp is elevated up to 

5 Pp2, since the pilot piston 40 reaches the stroke end as 
shown in Fig. 11(c), when the pilot pressure Pp is in a 
range higher than or equal to Pp2, the pressure Ps of 
the relief port A becomes constant at the upper limit of 
the set pressure Psmax- 

10 [0069] This pressure control valve 60 Is adjustable of 
the biasing force of the initial value adjusting spring 38c 
by the adjusting screw 38d to modify controllable range 
L as shown by hatched area in Fig. 13. 
[0070] On the other hand, by varying a ratio of the 

IS pressure receiving areas of the vah/e body 63 and the 
pilot piston 40, the ratio of variation of the pressure Ps 
of the relief port A con-esponding to variation of the pilot 
pressure Pp can be modified. 

[0071] Fig. 15 is a diagram of a hydraulk: control cir- 

20 cult of a hydraulic motor of a roof cleaning device em- 
ploying the pressure control vah/e according to the 
present invention, Fig. 16 is a side elevation of a roof 
cleaning device, and Fig. 17 is an explanatory illustra- 
tion showing actuation of the roof cleaning device. 

25 [0072] The roof cleaning device 70 has an ami 73 pW- 
otably supported on a base 74. The arm 73 supports a 
rotary brush 72 at a tip end and provided with a balance 
weight at the other end, and an elevating cylinder being 
provided between the base 74 and the arm 73. By ex- 

30 pansion and contraction of the elevating cylinder 75, the 
rotary brush 72 is elevated up and down. The rotary 
brush 72 Is rotated by means of a hydraulic motor 77. 
[0073] To a fluid chamber 78 of the elevating cylinder 
75, a hydraulic pump 79 is connected with the cylinder 

35 actuation piping 81 via a pressure reduction valve 80. 
To the hydraulk; motor 77, a motor actuation piping 83 
is connected from the hydraulic pump 79 via the pres- 
sure reduction valve 82. From the cylinder actuation pip- 
ing 81 , the pilot piping 84 is connected to the pilot port 

40 B of the pressure control valve 60. To the relief port A 
of the pressure reduction valve 60, an actuation pres- 
sure control piping 85 of the pressure control valve 60 
is connected. 

[0074] The roof cleaning devbe 70 is mounted on a 
45 traveling carriage (not shown) and biases the rotary 
brush 72 by extending the elevating cylinder 75 to urge 
the rotary bmsh 72 onto the roof 71 of the tunnel or the 
like. By actuating the hydraulic motor 77, the rotary 
brush 72 is rotated to clean the roof 71 . Adjustment of 
so urging force for urging the rotary brush 72 onto the roof 
71 can be perfomied by adjusting the hydraulfc pressure 
supplied to the fluid chamber 78 of the elevating cylinder 
75 from the cylinder actuation piping 81 by means of the 
pressure reduction valve 80 by an operator. 
55 [0075] By making the urging force onto the roof 71 
greater, a rotating force of the rotary brush 72 has to be 
made greater. Therefore, when the hydraulk: pressure 
off the cylinder actuating piping 81 Is increased, the hy- 



13 



EP 1 146 267 A1 



14 



draullc pressure of the motor actuating piping 83 has to 
be increased. However, the rotary brush 72 may be ro- 
tated in the condition contacting with the roof 71 . When 
the hydraulic pressure of the cylinder actuation piping 
81 is low, it is preferred to stop rotation for safety. Such 
control may be performed automatically by the pressure 
control valve 60. 

[0076] When the hydraulic pressure of the cylinder ac- 
tuation piping 81 is low, the elevating cylinder 75 Is 
placed at the most contracted position by own weight of 
the rotary brush 72 and the force of the return spring 86 
of the elevating cylinder 75 to place the rotary brush 72 
at lowered position as shown In Fig. 17(a). At this time, 
the hydraulic pressure of the cylinder actuation piping 
81 is input from the pilot piping 84 to the pilot port B of 
the pressure control valve 60. If the pilot pressure Pp 
falls within a range lower than or equal to the predeter- 
mined pressure Pq^, the hydraulic pressure Ps of the 
relief port A is maintained 0, and the pressure of the hy- 
drautb pressure motor actuation piping 83 also be- 
comes 0 so as not to cause rotation of the rotary brush 
72. 

[0077] When the hydraulic pressure of the cylinder ac- 
tuation piping 81 is increased, the elevating cylinder 75 
is expanded to lift up the rotary brush 72, as shown in 
Fig. 17(b). At this time, by increasing of the pilot pres- 
sure Pp input to the pilot port B of the pressure control 
valve 60 from the pilot piping 84, the hydraulic pressure 
Ps of the relief port A is increased to also increase pres- 
sure in the hydraulic pressure motor actuation piping 83. 
Thus, the rotary brush 72 also starts rotation. 
[0078] As shown In Fig. 1 7(c), the rotary brush 72 con- 
tacts with the roof 71 , cleaning operation is performed. 
At this time, by adjusting the hydraulic pressure of the 
cylinder actuation piping 81 to high pressure, the rotary 
brush 72 is urged onto the roof 71 by the elevating cyl- 
inder 75. Then, a pressure corresponding to the contact 
reaction force is input to the pilot port B of the pressure 
control valve 60 as the pilot pressure Pp from the pilot 
piping 84. Therefore, associating with increasing and 
decreasing of the pilot pressure Pp, the hydraulic pres- 
sure Ps of the relief port A is Increased or decreased to 
increase or decrease the pressure of the hydraulic pres- 
sure motor actuation piping 83. The rotary brush 72 Is 
rotated at a pressure con^esponding to the contact re- 
action force. 

[0079] Fig. 1 8 is a longitudinal section showing a con- 
struction of the fourth embodiment of the pressure con- 
trol valve, Fig. 1 9 is a pressure control chart of the pres- 
sure control valve of Fig. 1 8, and Fig. 20 is an explana- 
tory illustration showing a pressure control range of the 
pressure control valve of Fig, 1 8. 
[0080] A pressure control valve 90 is set a biasing 
force of the bias spring 65, the initial valve adjusting 
spring 38c and the return spring 68 for biasing the vah/e 
body 63 onto the seat surface As to close the relief port 
A when the pilot pressure Pp from the pilot port B is not 
input. 



[0081] Accordingly, as shown in Fig. 19, when the pilot 
pressure Pp is 0, the pressure Ps of the relief port A is 
set to the lower limit set pressure Psmin* When the pilot 
pressure is in a range lower than or equal to the prede- 
5 temiined pressure Ppg, the pressure Ps at the relief port 
A is heldatPsmin. 

[0082] When the pilot pressure Pp falls within a range 
of Pp3 to Pp4, the pressure Ps of the relief port A is lin- 
early controlled by the Input pilot pressure Pp. 
10 [0083] When the pilot pressure Pp is elevated to Pp4, 
the pilot piston 6 reaches the stroke end. Therefore, in 
a range where the pilot pressure Pp is higher than or 
equal to Pp4, the pressure Ps of the relief port A be- 
comes constant at the upper limit set pressure Psmax- 
15 [0084] The pressure control vaive 90 can modify a 
controllable range M as shown In Fig. 20, by adjusting 
the biasing force of the initial value adjusting spring 38c 
by the adjusting screw 38d. By this, adjustment of the 
initial pressure also becomes possible. 
[0085] It Is also possible to set the pressure control 
valve 90 to maintain the pressure Ps of the relief port 0 
within a range where the pilot pressure Pp is lower than 
or equal to the predetemilned pressure by adjusting the 
biasing force of the return spring 68 so that the valve 
body 63 Is moved away from the seat surface As for 
opening the relief port A at the Initial condition. 

INDUSTRIAL APPLICABILITY 

[0086] As discussed above, since the present inven- 
tion can freely modify the set pressure by modifying the 
pilot pressure, the pressure control valve which can au- 
tomatically control the fluid pressure In the pressure cir- 
cuit in stepless manner, can be provided. 
[0087] Since the pressure control valve using the fluid 
as the pilot signal, In comparison with the conventional 
proportioning electromagnetic type pressure control 
valve using the electrical signal as the pilot signal, sat- 
isfactory measure can be provided for safety, such as 
fire prevention or the like. Also, lowering of production 
cost can be achieved with simple construction. 
[0088] By the invention defined In claim 2, the pres- 
sure control valve provided with the upper limit of the 
set pressure can be provided. 

[0089] By the invention defined in claim 3, the pres- 
sure control valve provided with the lower limit of the set 
pressure can be provided. 

[0090] Furthemnore. by the invention defined in claims 
4 and 5, the pressure control valve which can freely 
modify the set pressure within a wide range can be pro- 
vided. 

[0091] By the invention defined in claim 6, the pres- 
sure control valve which set the lower limit of the set 
pressure at 0, can be provided. 
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Claims 

1 . A pressure control valve including a valve body op- 
posing to a seat surface of a relief port connected 
to a pressure circuit and a spring biasing said valve 
body onto said seat surface, for flowing out a part 
of fluid within said pressure circuit to hold the fluid 
pressure in said pressure circuit at a predetennined 
set pressure when the fluid pressure in said pres- 
sure circuit is higher than or equal to the set pres- 
sure, wherein a pilot piston is arranged movably in 
expansion and contraction direction of said spring 
at an end portion of said spring remote from said 
valve body, said pilot piston moves in a direction for 
compressing said spring when a predetermined 
pressure of a pilot fluid is input, and a spring force 
of said spring is Increased and decreased by vary- 
ing compression force of said spring by moving said 
pilot piston depending upon Increasing and de- 
creasing of the pressure of said pilot fluid. 

2. A pressure control valve as set forth in claim 1 , 
which further comprises a spring force upper limit 
setting means for holding large spring force of said 
spring constant by restricting movement of said pilot 
piston toward said valve body when a pressure of 
said pilot fluid is elevated up to a predetennined 
high value. 



pressure circuit is higher than or equal to the set 
pressure comprising a bias spring biasing the valve 
body for opening and closing the relief port to clos- 
ing side, a pilot piston for biasing said biasing spring 
to closing side by a pressure of a pilot fluid, an initial 
valve adjusting spring for biasing the pilot piston to 
closing side, and a retum spring for biasing the 
valve body or pilot piston to opening side. 



3. A pressure control valve as set forth in claim 1 or 2, 30 
comprising said spring being set a spring force re- 
sisting against a force for moving said pilot piston 
toward valve body side until the pressure of said pi- 
lot fluid is elevated to a predetermined value. 

35 

4. A pressure control valve as set forth in claim 1 or 2, 
which further comprises spring initial valve adjust- 
ing means for modifying an initial spring force of 
said spring by varying said pilot piston to a position 
proximal to said valve body and a position remote 40 
from said valve body when said pilot fluid is not In- 
put. 



5. A pressure control valve as set forth in claim 3. 
which further comprises spring initial valve adjust- 
ing means for modifying an initial spring force of 
said spring by varying said pilot piston to a position 
proximal to said valve body and a position remote 
from said valve body when said pilot fluid is not In- 



6. A pressure control valve Including a vah/e body op- 
posing to a seat surface of a relief port connected 
to a pressure circuit and a spring biasing said valve 
body onto said seat surface, for flowing out a part 
of said fluid within said pressure circuit to hold the 
fluid pressure in said pressure circuit at a predeter- 
mined set pressure when the fluid pressure In said 
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